ABSTRACT: A numerical analysis on the smoke behavior and evacuee safety has been performed with computational fluid dynamics. The purpose of this study is to build computational processes for an evacuation and prevention of a fire disaster of a 3 km-length tunnel in Korea. To save computational cost, 1.5 km of the tunnel that can include a few cross-passing tunnels is considered. We are going to assess the fire safety in a road tunnel according to the smoke level, which consists of the smoke density and the height from the floor. The smoke density is obtained in detail from three-dimensional unsteady CFD analysis. To obtain proper temperature distributions on the tunnel wall, one-dimensional conduction equation is considered instead of an adiabatic wall boundary or a constant heat flux. The tunnel considered in this study equips the cross passing tunnels for evacuees every 250 m. The distance is critical in both safety and economy. The more cross passing tunnels, the more safe but the more expensive. Three different jet fan operations can be considered in this study; under-and over-critical velocities for normal traffic condition and 0-velocoty operation for the traffic congestion. The SE (smoke environment) level maps show a smoke environment and an evacuating behavior every moment.
Introduction
In these days, the number of large cross sectional tunnels in length is increasing to reduce the traffic congestion and to keep the high-speed transit in Korea as well as world wide. Tunnel fires are extremely serious, because evacuation and rescue routes are limited by structures. Hence, it is necessary to fully explore a series of fire accident scenarios when the tunnel is designed. In current traffic tunnels, ventilation systems are used to clear vehicle emissions and soot from the tunnel, providing safe high-speed transit.
Water supply systems are also installed for emergency situations. These systems effectively provide an evacuation environment by controlling smoke and thermal plume at the beginning of a fire. The pressure along the tunnel increases gradually after the jet fan, but this is followed by a sudden drop and then recovered. A sudden increase in pressure is resulted as the jet passes by the convex wall, whereas that the concave wall approached causes a pressure reduction. When determining fire emergency strategies, it is very important to understand heat release rates from fire, since these will determine the optimal ventilation system parameters to be used in the case of a fire. As the number of a tunnel is increased rapidly and the length of a tunnel is becoming longer in these days, the safety of a tunnel is getting more important in designing a tunnel. In this study, we investigate air flow characteristics, smoke behavior and temperature distributions Flow in the tunnel is turbulent so that the Reynolds averaged Navier-Stokes equation should be calculated for an unsteady and low mach-number flow. In this study, the flow domain is divided into two regions such as near wall and fully turbulent regions and adopted a 
where i = 1, 2 and 3 denote x, y, and z directions, respectively. The term   in Eq. (1) The other area is filled with the extrude grid with high aspect ratio, which is high quality and effective.
Tunnel fires are surrounded by walls, since a high-temperature fire plume creeps along the ceiling, heat absorption by the ceiling cannot be neglected. It is assumed that the temperature increase inside the tunnel wall is limited to near its surface, and that heat transfer within the tunnel walls will be perpendicular to the wall surface. Therefore, heat flux is estimated for each grid of the tunnel wall by solving one-dimensional heat transfer equations. Here, the differences in thermal capacity between the tunnel walls and the air in the Table 2 and the maximum soot generation rate is 90 g/sec (Seike, 2011 ) and the rate is proportional to the heat release rate.
The computational analysis runs about 15 minutes (900 sec) only and it takes about 72 hours to finish the computation. The jet fan operates as soon as the fire starts and the evacuation begins at the same time.
Validation
Spatial temperature profiles along the z-directional The wall treatment of the tunnel is very important for studying the smoke behavior, temperature distributions In case of adiabatic wall boundary condition, the temperatures are much higher than the experiment, as shown in Fig. 3 , because the heat flux through the wall is blocked. However, the temperatures with conductive heat transfer using one-dimensional calculation agree well with the experimental temperature. In Fig. 4 , the similar tendency can be found.
Results and discussion
The evacuation and occupant's walking speed depending on smoke environment level, which has been defined by inverse of the smoke density. Table 3 .
critical wind velocity
             (3)                         (4)       tan   (
Safety evaluation conditions
The walking speeds considered in this study are listed in Table 4 SE lever 4 or higher is very critical. The evacuee may be falling down at the level between 5 to 7. 
Flow characteristics of fire

Evacuation analysis
In It makes hard to find an evacuation direction.
The sufficient time for the evacuee to find a cross-passing tunnel in tunnel fire is critical for the evacuee's safety. The jet fan is the one of the equipment to provide the clean passage for evacuee to next shelter. Fig. 9 shows the smoke level in entire computation time.
Three white lines in Fig. 9 show the trajectories of evacuees' who are located at the fire place. They are the 
Conclusions
In this study, the numerical processes for the safety However, when the fire is multiple such as spreading fire next vehicle, the safety is not guarantee. Additional analysis is reguired for the multiple fire cases.
